Patterns and Mechanisms
Benefits of physical activity on a wide range of health outcomes are well recognized (U.S. Department of Health and Human Services 1996) . Leisure-time physical activity (LTPA) is particularly seen as an important lifestyle measure distinct from other types of physical activity such as occupational and household activities. Promoting LTPA is increasingly considered a national health priority for many developed countries (Brownson, Boehmer, & Luke, 2005; Trost, Owen, Bauman, Sallis, & Brown, 2002) .
While recent years have witnessed increasing levels of LTPA in the US, minority groups have been persistently less engaged in LTPA than whites, largely uncommitted to meeting recommended levels of LTPA which is to engage in light to moderate leisure-time physical activity for at least 30 minutes five or more times per week, or engaging in vigorous leisure-time physical activity for at least 20 minutes three or more times per week (Center for Disease Control and Prevention, 2007) . Mechanisms underlying these disparities are not well understood (LaVeist, 2005) . And subgroup variations are typically not addressed.
Using 2007 California Health Interview Survey data, we systematically examine the prevalence of meeting the recommended levels of LTPA across white, blacks, Mexicans, and major Asian subgroups to detect nuanced patterns of racial/ethnic disparities in adults' participation in LTPA. We then explore whether the observed disparities are partly attributable to groups differences in socioeconomic status (SES), acculturation experience, and perceived neighborhood physical and social contexts.
This study contributes to the LTPA literature by reporting subgroup patterns among Asians in California, and by exploring potential mechanisms underlying group disparities. Presumably, an assessment of the distinct roles of SES, acculturation, and neighborhood environment should help enhance our understanding of sources of these disparities and in turn help design policy intervention to reduce them.
Racial and Ethnic Disparities in LTPA
Prevalence rates of LTPA participation across major racial/ethnic groups have been documented in the U.S. According to Center for Disease Control and Prevention (2007) , about 52% of whites have met the recommended levels of physical activity, while only 40% of blacks and 42% of Hispanics have achieved this. In contrast, the percentages of persons who are physically inactive are nearly twice among Hispanics (21%) and blacks (20%) than whites (11%). Other empirical studies using various data sources also confirmed such patterns (Ahmed et al., 2005; August & Sorkin, 2011; Crespo, Smit, Andersen, Carter-Pokras, & Ainsworth, 2000; Marshall et al., 2007) .
Fewer studies have addressed LTPA patterns among Asian Americans; but limited evidence shows Asians are much less likely to meet recommended levels of LTPA than non-Asians (Kandula & Lauderdale 2005) . Asians and Latinos are typically grouped together and analyzed as a whole with detailed within-group variations lost in the aggregation. Among limited subgroup analyses, a national study reported that all Hispanic subgroups were less active than were non-Hispanic whites, with Mexicans being the most active group among Hispanics and Cubans and Dominicans being the least active (Neighbors, Marquez, & Marcus, 2008) . Another study of Asian/Pacific Islanders in Hawaii showed Native Hawaiians were more active than Japanese and Filipinos in both moderate and vigorous activities, but all three groups were less active than whites (Mampilly et al., 2005) . Thus evidence seems to show that whites are more engaged in LTPA compared to nonwhites, while subgroup variations are existent but less known. Also less known is the causes of these group disparities. In theory, racial/ethnic disparities in LTPA participation lie in group differences in socioeconomic, cultural and spatial-environmental factors.
Mechanisms: SES, acculturation and neighborhood
The fundamental cause theory posits that SES affects health because it is positively associated with health-promoting resources and negatively with health-detrimental hazards, where healthy lifestyle is an emerging pathway (Link & Phelan, 1995; Phelan, Link, & Tehranifar, 2010) . Like for many other health behaviors such as smoking and diet, there is a strong SES gradient associated with LTPA such that the higher SES the more LTPA participation (Pampel, Krueger, & Denney, 2010) . Theoretical mechanisms explaining the link between SES and LTPA are primarily drawn from four perspectives. First, education increases efficacy and knowledge necessary for regular exercising because education improves effective agency for individuals. Active participation in LTPA requires both self-efficacy and sufficient knowledge (Kaiser & Baumann, 2010; Moore, Fulton, Kruger, & McDivitt, 2010; Sharpe et al., 2008) , and well educated people have developed learned effectiveness that helps them maintain strong personal control and are more likely to coalesce unrelated habits and ways into a coherent lifestyle (Ross & Mirowsky, 2010) . Second, higher SES groups have more economic and occupational resources that can be used individually or collectively on exercise. People with higher income are able to cover the rising cost of equipments and membership for certain leisure-time activities, and high status occupations may come with benefit packages that provide access to health facilities (Pampel et al., 2010) .
Third, the stress paradigm posits that exposure to stressors have its social origin based on social positions (Pearlin, 1989; Wilkinson, 1999) , and the disadvantaged may avoid the challenges of regular exercise and take the form of inactivity as functions of pleasure, relaxation, or self-medication (Pampel et al., 2010) . The psychosocial impact of SES may further interact with race/ethnicity (Bennett et al., 2006) , reshaping the effect of stressors on LTPA. Fourth, LTPA reflects a unique personal taste as well as class distinction that are in line with privileged social status. The sociological tradition that lifestyles as reproduction of social class traces back to Weber's observation that social strata were social carriers of particular ways of living and to Bourdieu's notion of "distance from necessity" (Cockerham, 2007) . High status groups may adopt some activities setting themselves apart from low status groups. Following this paradigm, whites are more likely to engage in LTPA than nonwhites because of their higher levels of SES. In other words, because whites are socioeconomically advantaged than most minority groups, they enjoy higher levels of LTPA participation in general.
Evidence to date has consistently shown that SES measured by education and income is correlated with LTPA among adults (e.g. Ahmed et al., 2005; Cutler & Lleras-Muney, 2010; Droomers, Schrijvers, van de Mheen, & Mackenbach, 1998; Sternfeld, Ainsworth, & Quesenberry, 1999; Washburn, Kline, Lackland, & Wheeler, 1992) . Research further examining potential correlates of LTPA, such as knowledge of guidelines and perceived barriers, also reveals the significance of SES (Masse & Anderson, 2003; Moore et al., 2010) . However, race/ethnicity and SES are often examined separately (for exceptions, see He & Baker, 2005; Marshall et al., 2007; Masse & Anderson, 2003) ; therefore, it is unclear how SES mediates the link between race/ethnicity and LTPA. In the process of acculturation in the US, a resourceful nation yet plagued by an obesity epidemic, self perceptions of body image may change, motivating individuals to engage more in LTPA (Pichon et al., 2007) . Language proficiency, in particular, is a crucial factor for exposure and participation in the mainstream community and for a better understanding of the latent meanings in expressions of health (Thomson & Hoffman-Goetz, 2009 ). Acculturation has also been linked to "postmodernization" in advanced societies where there is a tendency for immigrants from less developed countries to reverse some of the perceived maladaptive features of classic modernization and to adopt the values, attitudes, and behaviors of "postmodernized"
American society (Abraido-Lanza et al., 2005) . Moreover, acculturation and assimilation often go hand in hand. As a newcomer gets more familiar with the American mainstream culture, he or she is also more likely to get better educated, find a better job, have higher income, and be able to move to a better neighborhood.
Presumably, these work and life improvements would help lessen immigrants' structural barriers to LTPA via providing, say, enhanced accessibility of fitness facilities and safe recreational areas (Crespo et al., 2001 ).
Beyond SES and acculturation at the individual-level, larger socio-ecological factors also play a salient role in shaping health practices and potentially mediate health Another study shows similar patterns that non-white neighborhoods have better accessibility, although these neighborhoods were still perceived less safe and less pleasurable for outdoor physical activity (Franzini et al., 2010) .Therefore, whether neighborhood accessibility and safety help mediate racial/ethnic disparities in LTPA remains an empirical question.
Hypotheses
Based on the literature reviewed, we hypothesize that (1) compared to whites, minority groups are less likely to meet the recommended level of LTPA, while the prevalence vary across racial/ethnic groups and subgroups; (2) persons with higher SES are more likely to meet the recommended level of LTPA, and SES is a mediator for white-black and white-Mexican differences, but not for white-Asian differences; (3) immigrants who are more acculturated are more likely to meet the recommended level of LTPA, and there are variations in the acculturation effects across Mexicans and Asian subgroups; (4) perceived neighborhood characteristics are associated with meeting the recommended level of LTPA.
Data and Methods
Data used for this study are from the California Health Interview Survey (CHIS) adult public files for the year 2007. As the nation's largest state health survey, CHIS is a population-based survey that applied multistage sample design with the consideration of high ethnic concentration to estimate the overall state population as well as major racial and ethnic groups and subgroups. To improve the estimate of ethnic residence, geographically targeted oversamples were conducted particularly for Korean and Vietnamese due to their high concentration of residence. Thus the CHIS data are uniquely suited to comparing racial/ethnic subgroups. We excluded persons of disability (have a condition that substantially limits one or more basic physical activities such as walking, climbing stairs, reaching, lifting, or carrying) or persons of race/ethnicity other than non-Hispanic white, non-Hispanic black, Latino, or Asian.
Since CHIS used a complex sample design, we conducted weighted analyses to ensure that estimates of the California population from the CHIS sample are unbiased.
Dependant Variable
LTPA is conceptualized as "physical activities or exercise you may do in your free time" in the original CHIS questionnaire, and is asked at both moderate and vigorous levels. Moderate LTPA refers to activities like walking, bicycling, swimming, dancing, or gardening, and the recommended level is five or more days per week for at least 30 min per day. Vigorous LTPA refers to activities like aerobics, running, soccer, fast bicycling, or fast swimming, and the recommended level is three or more days per week for at least 20 min per day. Our measure of LTPA is a binary variable that distinguishes respondents who have met the recommended LTPA levels of either moderate or vigorous activities from those who have not.
Independent variables
Race and ethnicity includes major racial/ethnic groups and Asian subgroups: 
Analytical Approach
After presenting the weighted descriptive statistics, we estimated a series of logistic regression models to test our hypotheses, predicting the odds of meeting LTPA recommendations as a function of race/ethnicity, SES, acculturation, and perceived neighborhood environment, controlling for demographic characteristics. Our baseline model includes all racial/ethnic groups to examine crude group differences in LTPA prevalence rates. We then successively added the sets of SES, acculturation, and neighborhood environment covariates to assess their mediating effects on the link between race/ethnicity and LTPA. In our final model we only included predictors that were statistically significant in previous models, along with all racial/ethnic groups.
Results are all presented in the form of odds ratio.
To specify the mediating effects of predictors on LTPA prevalence across racial and ethnic groups, we also calculated predicted probabilities of meeting recommended LTPA level for racial/ethnic groups that were statistically significant in the final model, in comparison to whites (Liao, 1994) . Increase in probability differentials with whites means the effect of race/ethnicity gets stronger after a specific set of covariates are added to the model. If the differentials decrease, then it can be argued that the covariates have explained away part of the racial/ethnic effects. We also estimated the magnitude of the mediating effects by reporting the percentage changes in predicted probability differentials. Table 2 presents the results of a series logistic regression analyses predicting LTPA participation. Our baseline model, Model 1, shows the crude disparities across racial/ethnic groups. As hypothesized, after controlling for age, gender, and marital status, odds ratios for most minority groups are less than 1 and are statistically significant at the 95% confidence level. Among them, the Chinese are the least likely to meet the recommended LTPA level with an odds ratio of 0.47, followed by Koreans, Vietnamese, Mexicans, blacks, and South Asians. Specifically, the Chinese are about 113% less likely than whites to meet the recommended LTPA level, and the corresponding results for other Asian subgroups are 82% for Koreans, 59% for Vietnamese, 54% for Mexicans, 43% for blacks, and 39% for South Asians. At the same time, Japanese and Filipino are not less engaged in LTPA than whites. These findings point to nuanced subgroup disparities, confirming the existence of heterogeneity within Asian populations in terms of LTPA participation.
Results
( Table 2 about holding all other covariates at their means. To estimate the mediating effects of SES, acculturation, and neighborhood environment, we look at changes in probabilities from Model 1 through Model 4. As we can see, the black-white difference decreases from 0.083 (.431-.348) to 0.072 after adjusting for SES covariates, indicating that SES can explain about 13% of the group difference. The Mexican-white gap drops from 0.103 to 0.075, indicating SES can explain more than 27% of the group difference. However, the mediating effect of SES is minimal for Chinese and Korean. Similarly, based on changes of group differences from Model 2 to Model 3, acculturation covariates explain more than 21% of LTPA disparity between Mexicans and whites, 17% for Chinese, and 24% for Koreans, whereas there is expectedly little mediating effect for blacks. Furthermore, adding neighborhood environment characteristics has little impact on LTPA prevalence across racial/ethnic groups, as their probabilities hold constant form Model 3 to Model 4, except for the white-Korean difference that had a 6% decrease. Such results echo in the results from the logistic regression analyses, and are in accordance with our hypotheses that SES does not have mediating effects for Asians while acculturation does not have mediating effects for blacks.
Discussion
Using data from multiethnic California, we examined racial/ethnic disparities in meeting the recommended level of LTPA between whites and a large number of minority groups, and tested whether SES, acculturation, and perceived neighborhood environment play a mediating role in contributing to these disparities. Results are largely consistent with our hypotheses that racial/ethnic disparities in LTPA are remarkable, and within-Asian subgroup variations are also visible. Blacks, Mexicans, Chinese, Koreans, South Asians, and Vietnamese are significantly less likely than whites to meet the recommended LTPA level. At the same time, there is no significant difference between whites and two Asian groups, Japanese and Filipinos.
We also found that SES, acculturation, and neighborhood environment are positively associated with LTPA participation. These findings are consistent with our hypotheses as well as the literature. Moreover, as hypothesized, SES seems to be a mediator for blacks' and Latinos' lower LTPA levels, while acculturation partly explains Mexican-white and Asian-white disparities. Within Asian subgroups, acculturation seems to be crucial for South Asians and Vietnamese. Among all the groups examined in this study, blacks, Mexicans, Chinese, and Koreans exhibit the most remarkable disparities with whites. Yet it should be noted that neither SES nor acculturation plays a dominant role in explaining disparities for these groups, and much of mechanisms underlying these disparities remain unknown. Moreover, this study finds little evidence that perceived safety and access to facilities would contribute to group differences in LTPA participation.
Then what other factors may explain these observed group disparities in LTPA?
Previous research that has examined the determinants and correlates of LTPA reveals social support from peers and families, attitudes towards exercise, lack of time, past exercise behavior to be notable findings (Trost et al., 2002) , and this may help us speculate about other possible mediators. For example, Chinese and Koreans' lowest odds of meeting the recommended LTPA level may be explained by their cultural norms and attitudes that largely emphasize on work ethics and family duties for adults and academic achievement for children rather than recreational activities and self-improvement via exercise. Even among those second-and third-generation of Asian immigrants, such cultural influences remain strong. Based on this, it is also plausible to speculate that Asian adults' lack of enthusiasm on LTPA has stemmed from their childhood and youth experiences, and the influences of past behavior and attitude can be consistent throughout lifetime. For these two groups, a norm promoting LTPA and enhancing well-being via healthful lifestyles should be encouraged.
Some limitations need to be noted here. First, this study is cross-sectional in design, which disallows any inference in causal relationships between predictors and the dependent variable. A longitudinal approach could be applied using panel dataset to assess the process of acculturation, for example, within individuals and to see how it operates on LTPA and whether such changing patterns differ across racial/ethnic groups. In fact, some research showed that among middle-aged adults, English-proficient minorities engaged in less moderate physical activity compared to whites (August & Sorkin, 2011) . Second, most variables are subjective self-rated measures in CHIS questionnaire. As different races/ethnicities hold various values, it is possible that their cognitive understandings of some subjective measures, such as LTPA and English proficiency, differentiate between each races/ethnicities, and this can be an obstacle for a more objective comparison across groups. Third, since this study is based on a sample collected in Californian, findings reported here may not be applicable elsewhere.
In light of the preceding discussion, it is warranted to assert that racial and ethnic disparities in LTPA continue to exist and ethnic minorities, especially immigrants, are in general much less likely than whites to meet the recommended levels of LTPA. Our results also highlight the heterogeneity visible across Asian subgroups, and such heterogeneity exhibits distinct pathways underlying disparities across ethnic subgroups. These findings may have implications for policy designers, educators, and relevant physicians to implement targeted health promotion intervention programs, and such interventions should be educationally and culturally appropriate. Moreover, as the underlying mechanisms have not been fully revealed, future research may need to look beyond individual-level pathways as well as interactions within different contextual effects to advance our understanding of the link between race/ethnicity and LTPA. Note: probabilities are calculated using the margins, at means commands following the logistic regression models in Table 2 in STATA 11.2.
